Molecular modeling study on the dynamical structural features of human smoothened receptor and binding mechanism of antagonist LY2940680 by metadynamics simulation and free energy calculation.
The smoothened (SMO) receptor, one of the Class F G protein coupled receptors (GPCRs), is an essential component of the canonical hedgehog signaling pathway which plays a key role in the regulation of embryonic development in animals. The function of the SMO receptor can be modulated by small-molecule agonists and antagonists, some of which are potential antitumour agents. Understanding the binding mode of an antagonist in the SMO receptor is crucial for the rational design of new antitumour agents. Molecular dynamics (MD) simulation and dynamical network analysis are used to study the dynamical structural features of SMO receptor. Metadynamics simulation and free energy calculation are employed to explore the binding mechanism between the antagonist and SMO receptor. The MD simulation results and dynamical network analysis show that the conserved KTXXXW motif in helix VIII has strong interaction with helix I. The α-helical extension of transmembrane 6 (TM6) is detected as part of the ligand-binding pocket and dissociation pathway of the antagonist. The metadynamics simulation results illustrate the binding mechanism of the antagonist in the pocket of SMO receptor, and free energy calculation shows the antagonist needs to overcome about 38kcal/mol of energy barrier to leave the binding pocket of SMO receptor. The unusually long TM6 plays an important role on the binding behavior of the antagonist in the pocket of SMO receptor. The results can not only profile the binding mechanism between the antagonist and Class F GPCRs, but also supply the useful information for the rational design of a more potential small molecule antagonist bound to SMO receptor.